General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



71 
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The UCR large area eolld-angle double scatter .autron telescope was 
flown to search for solar neutrons on 3 balloon flights on Septenber 
26 » 1971, May 14, 1972 and Septeadier 19, 1972. The first two flights 
were launched from Palestine, Texas and the third from Cape Girardeau, 
Missouri. The float altitude on each flight was at about 5 g/^ 
residual atmosphere. Neutrons from 10 to 100 MeV were measured. No 

solar flares occurred during the fllghti . Upper limi ts to the quiet 

g>£3>^ ,oce>¥ j 

time solar neutron fluxes at the 951 confidence level are/( fr S| 4,.^ , — 'V 


— - ' — 9^ and 7 9 neutrons/CT^a 



-sec In the energy Intervals of 10-30, 
30-50, 50-100 and 10-100 HeV, respectively. 





\ 


Approved Iqj public rolecan 
) Diafaibutton Uaiimited 


*Present address, CepartiKnt of Space Research, University of Birmingham, 
England. 


V 9 S' 


A 





/^, fhli^lloMt G«ort« H./siflMt 


Df Tfwit of PbTOico oad iMCltoto of Oooyhyolco oof Floaotory Pkyalco 


k^'UOloorolty of Collfornlo 
tlooroldo, Calif orolo 



26, 1971, Itay 14, 1972 and SaptaoAiar 19, 1972. ';1 m flrat two fllghta 

war# Lauachad frow Falaatlaa, Toxaa and tha third frow Capa Cirardoau, 
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I . lifnooucT'.oii 


T1i« MaatTCMnc of nciutrona from tti* aun during aolar flaraa and 
qulat tlMa will atva laporcant Inforaatlon about accalaratlon Mclianlaaa 
on tha aun. Following the '^rly worka of Glovanalll (1947) and Dungay 
(1958), tha laportanca of aagnatlc field Merging aa a baalc particle 
acceleration Mechanlaa on the aun haa Teen widely accepted (Sweet, 1958; 
Parker, 1963; Tetacbek, 1964; Syrovatakll, 1966a, 1966b; Sturrock, 1966, 
1968). There la general agreeaent that aolar flaraa darlve their energy 
froM aunapota and that thla energy flown upward through the photoaphere 
and chroMoapherc to the corona and la ntored In magnetic flelda or In 
partlclea trapped In magnetic flelda. At the time of a flare, a taat 
tranafer of energy la Initiated that acceleratea partlclea and producea 
electromagnetic ra itlon. 

’lagnetlc field energy la tranaferred to charged partlclea by the 
merging of magnetic fl-ild linea at a line of awgnetlc neutral polnta 
(Glovanelll, 1947, 1948; Dungey, 1958; Sweet, 1958; Parker, 1963; Peta- 
chek, 1964). An elect: ic field la aet up along the neutral line that 
accelerates partlclea to high energies (Syro^'atskll, 1966a, 1966b, 1969). 

Severny (1964) haa suggested that a hot dense plasma at a tempwrsture of 
X 10^ ''k and density cf 10^^ atoms/cm^ is formed behind a shock front and 
chat neutrons can be produced by thermonuclear reactions. Another possible 
flars mechanism that predicts large neutron fluxes la discussed by Elliot 
(1964, 1969, 1973) where trapped high energy protons are dumped rapidly 
Into the sun's atmosphere. 

Charged particles have not been useful for obtaining the Initial times 
and energies of flares or accelerations to test these theories except at 
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high latitudes because the 'charged particles do not penetrate the earth's 
Mgnetic field. Even with probes in Interplanetary space or balloons at 
high geosMgnetic latitudes the Initial tiaes and angles are lost and 
energies are distorted because of the interplanetary magnetic fields and 
■agnetic irregularities. Neutrons, on the o'.her hand, move unaffected by 
the interplanetary magnetic fields. 

Solar elections seldom reach energies above a few MeV because of large 
energy losses by bremsntrahlung and synchrotron radiation in the sun's atmos- 
phere and magnetic field. Tlierefore, interplanetary electrons rre not 
good indicators of the fundamental acceleration in solar flares. X-rnys 
produced primarily by the breasst rah lung of the electrons in the sun's 
atMsphere have the same limitations. Trotons and heavier particles, 
however, lose enetgy only by ionization anti collision losses. They attain 
much higher energies and transfer the inltlcl fundamental information to 
the neutrons through nuclear collisions. 

The solar neutrons produced by collisiono of protons with He and other 
constituents of the sun's atmosphere can give important information about 
the time, energy and angular distributions of the accelerated protons. 

From the neutron measurements the potential that accelerates the protons 
and the time dependence of the acceleration may be deduced. Information 
about Lhe electric field and its extent lu the solar flare could thus be 
obtained. Direct information can be gained about the rate of the magnetic 
field merging and the dumping of protons trapped in the sun's magnetic 
field. 

A number of authors have considered the secondary radiations that could 
he produced by the interactions of accelerated flare particles with the 
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solar ataosphare. (Llnganf alter at a^., 1965a, b; Dolan and Faslo, 1965; 
Llngenfalter and Raaaty, 1967; Llnganfaltar , 1969; Chupp, 1971; Rappln at 
al., 1973a; Raaaty at al. 1975). The theoratlc.^1 prtdlctlons of the solar 
neutron fluxes depend on the cholci ''a flare aodc 1 for both the accel- 
eration and slowing down of the chat >artlclea. Ibe nuabers of high 

energy neutrons produced and their energy dlstributlcns are quite sensitive 
to the total number of accelerated protons and their rigidity spectra. 

Llngenfelter et al. (1965b) have calculated the fiux of neutrons ex- 
pected near the earth. They include the loss froa neutrons that decay 1' 
flight. For different values of the steepness of the proton rigidity spectra 
at the sun, the neutron distributions at the earth peak between 20 and 60 
MeV. If the neutrons are released in a time bhort compared to the transit 
time to the earth, the sun-earth distance can act like a tlae-of -flight 
spectrometer with the highest energy neutrons arriving first. 

The estimates by Llngenfelter and Ramaty (1967) of the .neutron flux at 

2 

1 A.U. for the large flare of November 12, 1960 Is 5-30 neutrons/cm -sec. 

2 

Similarly, for the November 2, 1966 event, 0.1-0. 4 neutrons/cm -sec were 
expected. If the optical mnlsslon from solar flares Is provided by Ioniza- 
tion lujses of the accelerated particles in the flare, neutron fluxes of 8 
neutrons/cm^-sec arrlvii at the earth from the largest flares (. ^) (Llngen- 
felter, l?f9). 

To date no neutrons have been seen from solar flares or i.ou the quiet 

sun. However, the Intensities and time histories of the 2.2 MeV gamma-rays 

observed during the August 4 and 7, 1972 flares by 'Thupp et al. (1973a, b) 

2 

lead tc estimates if fluxes at the earth of 20 neutrons/cm and 30-50 
2 

neutrons/cm , respectively. In 3000 sec (Reppln et al., 1973a). A peak 

2 

flux of 3 X 10 neutrons/cm -sec from lO-lOO MeV is estimated for the 
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August 4 event, a flux that could easily have been Masurod with tne 
University of California, Riverside (UCR) telescope. PrallHlnary upper 
Units to the quiet tine neutron fluxes for Saptenber 26 and 27, 1971 have 
previously been repotted. (White et al. 1973). 

II. METHOD 


The method of neutron detection has been described In detail by Grannan 
et al. (1972). The neutron's energy, scattering Jngle and flux are meas- 
ured by two neutron scatters as shown In Figure 1. The Incident neutron, 
II, w'.th energy, E^, scatters elastically from proton In the liquid 
scintillator, SI. ne recoil neutron, n^, continues on and scatters from 
a proton or a carbon nucleus In the liquid sclntlll.atct , S2. The recoil 
proton energy, SI Is detemined by pulse height analysis (PHA) of 

the light output. The recoil neutron energy, f* calculated from the 

measured tlrae-of-f light (TOP) and the > Istance between the cells %rhere 
the scatters occur. 

From conservation of energy in neutron-proton scattering, E^ is given 
by 


E 


n 




( 1 ) 


The scattering angle, a. Is obtained from 


t an a 



( 2 ) 


Since the recoil proton direction Is not measured, the Incident neutron 
direction Is determined to a cone of opening angle a. 

A schematic cross-section of the neutron detector Is shown In Figure 
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Figure 1. 
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2. The liquid scintillator Is contained In the aliHlnua tanks, SI and S2, 

100 ca X so ca X IS ca, 1 aster apart froa center to center. They are 

equally divided In'o eight cells. Each tank la coapletely i rroundad by a 

plastic scintillator (Pilot F) . Each liquid srlntlllator cell la vlevjd 

by a S Inch Aaperex XF 1040 photoaultlpller tune. The 4^^ and plastic 

sheets are viewed by 5 Inch Aaperax XP 1040 tubes. The A^ 2 > ^2 

side plastic eheeta are viewed by 2 Inch RCA 8575 tubes. The two liquid 

scintillator tanks are supported by four 6asi thick chroalua-aoxybdenua 

2 

steel tubes with 6.3 ca cross-sections. The entire detector Is contained 
in aluainua gondola. The gondola has cylindrical walls of 3.2 aa thick- 
ness and 1.6 aa spherical end caps. It is sesled with s large 0-rlng and 
surrounded by 15 ca thick polystyrene to aalntaln the ataospherlc pressure 

and rooa teaperaturc. The Incident downward aovlng neutrons aust perstrate 
2 

2 g/ca oi aaterlal to reach th* top liquid scintillator tank. The orien- 
tation of the detector relative to the sun was aeaaured with 32 photo diodes 
placed on the outside wall of Che gondola Insulation. 

rhe measured energy resolution, half width at half aaxlaua, HWHM, Is 
12Z at 15 MeV and 20Z at 40 KeV and the calculated resolution Is 20Z at 
100 HeV. The measured angular resolution HWHM Is 10°. 

The telescope efficiency e(E^,6) for a point source of neutrons with 
energy E^ and angle 6 is defined ae tie ratio of the detector count rate 
to the incident neutron flux. The efficiency pair of 

cells, 1 and J, Is found froa 


e^j(En,0) - 




do(E^,e) ] 

“d<i J 


n,p 


6 





( 3 ) 






2 

r 


and the total detector aenaltlvlty 1>> the aua over all cella 


c(E^,0) 


8 

i.J-l ^ 


( 4 ) 


where 1 ia a cell In SI and J a cell In S2 

if the Incident neutron kinetic energy* 

6 ia the incident renlth angle. 

0' ia the acattering angle of the neutron-proton internet ion 
in the SI tank and dependa on the azlsuth angle of the 
incident neutron and the given pair of cella. 

ia the nuaber denalty of hydrogen aton'i in the liquid 

22 3 

acintillator , 7.04 x 10 atoaa/ca . 

la the number denalty of carbon ctoaa in the liquid 

22 3 

acintillator, 4.19 x 10 atoaa/ca . 
f^(E^) ia the fraction of incoming neutrona that aurvlve after 
paaalng through the material from outalde the gondola to 
the point of detection in SI. 

^l^^nl^ la the fraction of the neutrona acattered in SI that aurvlve 
to be detected in S2. 


V ia the volume of liquid acintillator in each cell, 
r is the center to center distance between a pair of cells. 


d (En«e') 


» .P 


du 


la the differential acattering crocj section for n-p 
scattering in SI that gives a signal above threshold. 
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a (E ,) la cha tc*-a. croas aactlon for n-p acatCarlng In S2, 
np ni 

evaluated at that glve«i a algnal above the threahcld. 

a (F ,) la the Inelaatlc croaa section for neutron-carbon acatterlng 
nc nl • 

In S2, evaluated at , that gi/ea a algnal above the thres- 


hold. 


The penetration factors f (E ) and f,(E ,) are calculated froa 

o n 1 nl 


, -Not 

f - e 


(5) 


vhere N la a numbi'r density of detector material, o la the Inelastic 

scattering cross section, and t la the thickness of the material. 

The minimum detectable directional solar neutron flux F , above back- 

mln 

ground la determined by the efficiency c, the minimum solid angle and 

observation ' T. Let the background flux of downward moving atmospheric 

2 

neutrons be B (n/cm -sec-ar), then the number of background counts in AQ 

for T second Is BcTAd. A one standard deviation (o) fluctjatlon In back- 

U 

ground counts la (BeT »1) . If we require the number of solar neutron counts 
to exceed the background fluctuation by a factor of 2, th-c. minimum 
tectable solar neutron flux Is 


''.in’r(^) (6) 

The f ].-> f-he fraction of solar neutrons thac can bu Identified within the 
a 

resolution element AQ . To estimate the minimum solar flux capability of 

-2 2 

the UCR neutron telescope, we use a B of 10 neutrons/cm -sec-sr In the 
neutron energy Interval 10-100 HeV at 45° at an altitude of 4.9 gm/om^ and 
40°h geomagnetic latitude (Preszler, 1973). A solid angle conical aperture 
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j.lvts Afi - 2.3 Bte- and the correapoti'’ Ing -orTectlon tactor t la 

2 

0.72. The defector aenalt^’ Ity (^rea x cff Icier, cv) la about 24 cai at 

4 -4 

42 MeV. For an ou.’trvatlon tine of 10 sec tils glvcb F . » 8.6 x 10 

nln 

2 

n/cm -aec. More rigorous Cblculatlonn , averaging over the backgrounda 
at all solid angles w. th efficiencies weighted by the expected solar 
nfjtron spectrnin, give the values of Table 4. 

III. DATA ANALYSIS 
a) Balloon Fllglit Sunaaary 

The neutron detector was first launched on a 10.6 million cubic foot 

balloon from Palestine, Texas at 40°N geomagnetic latitude at 12:30 GMT 

2 

on September 26, 1971. It reached the ceiling altitude of 5.0 gm/cm In 

about two and a half hours. The detector renuilned at celling altitude 

from 14:50 GMT until 17:30 GMT the following day. The solar neutron data 

we.'e accumulated during 5/8 of the time throughout the flight. A second 

balloon of 15 million cubic feet, was launched from Palestine, Tejcas at 

12:48 GMT, the morning of May 14, 1972. The L-lloon floated at altitudes 

2 

of 3.7 to 5.2 gm/cm for 30 hours before termination. The third balloon, 

also 15 million cubic feet, was launched from Cape Girardeau, Missouri at 

45°N geomagnetic latitude at 9:12 GMT on September 19, 1972. It remained 

2 

at the celling alt.iude : 5 gm/cm for about 24 hours. 

No major solar flares or pi'iton events occurred during the three balloon 
flights. Therefore we measured the quiet time solar n >n flux, only. 
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b) Idrnclf Icatlon of Solar Neutrona 


llta arrival dlr'iction of cha incident neuCiuaa r •» Baaaure within a 
conical ring, which has a known projection In the celestial sphere. 
cone for each event projects an event circle on tl j celestial aphare as 
shown In Figure 3. 13te recoil neutron path la detenalnad by the calla In 
SI and In S2 vhere the scatters occurred. The event cones are divided 
into two types, "vertical" and "cross", depending on the path. If the 
neutron scatters vertically downward from SI to the corresponding cell 
in S2 the event Is called a vertical event. The e^ ent circle produced 
by a vertical event has a fixed zenith angle that Is Identical to tbs 
neutron-proton scattering angle o In SI. Therefore, we can look for 
solar neutrors by cowparing directly the zenith angles of the Incident 
neutrons to the sun's zenith direction. We ask the question, “Tlo the 
zenith angles of the sun and of tlie Incident neutron agree?" 

If the recull neutron direction la not vertically downward the event 
Is callzd a cross event. The zenith angle of the event circle for a cross 
event depends on t le scattering angle and the recoil neutron path. Slnca 
the incident direction Is determined to a conical annulua, different di- 
rect ions along the rone have different zenith anglea and t!ms the angle of 
scatter cannut be compared to the zenith angle of the sun as for the vertical 
events. For this case the mlnlaaia angle between a direction on the event 
cone and the sun's dlre<'tlon, 6, is useful, sec Figure 3. It Is necessary 
to define a source cone as the cone whose axis points toward the sun from 

I 

the scatter point In SI. Its opening angle Is adjusted as explained below. 
Any event cune with a ainla«ni angle 6 less than the half opening angle of 
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'l«ure 3. 
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cIk> nourc* con* lct«r««ct« the sourc* con* and la a caMluata for a aolar 
neutron euaL>t. Tha background of ataoapharlc nautrona Mhoaa Ofvant conaa 
intaraact Cha aourca cona la alialnatad by aubti'acf'.ng tha nunbar of 
intaraactlng avants whan the aun la not In the flald of vlaw. 

Tha opanlng angla of tha aourca cona la adjuaca' to aanrinlaa the algnal 
to nolaa ratio. Tha hlaccgraa of BlnlJBuni 6's for 40 HaV nautrona (fron tha 
Univaralty of California, Davla cyclotron) Incldant on tha dataccor at an 
angle of la ahown In Plgura 4. Proa this curva It la found that 49Z, 

72Z and 7SZ of the Incldant nautrona ara Included In half opening anglaa of 
10° 15° and 20°, raapactlvely. In tha Saptaabar 26, 1971 flight, tha rela- 

tive nuabars of background acaoapharlc neutron event conaa Intaraactlng 10°, 
15° and 20° source cones are 0.70, 1.00 and 1.27, raapactlvely. Tha ratio of 
solar nautrona to tha aquara root of tha background neutrons noraallsad to 
the 15° cone for 10°, 15° and 20° source conaa ara 0.81, l.OO and 0.92, ra- 
spactlvely. Therefore, tha source cone with half opening angla of 15° la 
the optlnun cone. 

In order to d*iCemlna the nlnlaun angla 6 for each Incldant neutron, a 
coordinate systan fixed on the detector Is chosen so that tha Z axis corres- 
ponds to the zenith of tha celestial sphere as shown In Plgura 5. The Z- 
axls Is tha reference line fron which tha sun's aslauth Is n sa s urad . Tha 
line elanant OA Is tha cona axis d^tamlnad by tha line that connects tha 
first and second scattering points, asMxaad at tha center of calls. 0^ 
la the zenith angla of the sun, tha zenith angla of tha cona axis, 4^ 
tha azlasith angla of tha sun and 4^ the azliaith of tha cone axis. If wa 
rotate the coordinate systan about the Z-axla through an angla 4^» than ro- 
tate tha systen about tha new Y-axls thro<igh an angla 0^, wa arrive at Pl'^r* 
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SUN 



Plfurc 5. 
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Figure 6. 
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6. In th« n«w prlaad coonflnaC* •ystoa, point B on Ch« con* h** the 
■*■* atimith *ngl* «• th* •un. Hi* ainlauB *nt;l* 6 1* th* dlff*r*ncn 
In ten 1th anti* betvean th* *un and th* event cone in th* new coordinate 
ayataa. 

Eventa with a atart aignal in SI, atop aignal in S2 and a tranalt 
tia* graatar than 7 na are defined aa aolar aode neutron event*. They 
conaiat of downward aovlng ataoapbarlc neutrona and aolar neutrona. 


IV. RESULTS 


The aolar neutron flux**, aa calculated froa the day-night differences 
of the vertical events, for the Septaaber 26, 1971 flight has bean pre- 
viously published (Whit* at al. 1973). No statistically significant (above 
2o) solar fluxes were fotind. In that paper observations were presented for 
the am at zenith angles froa 31^ to 50°. Since the vertical eventa were 
only lOZ of the total events, the results for all data including both 
vertical and cross events are given here. 

Data were analyzed event by event to find the ainiaua angle when the 
sun's .cenith angle was 31°-50°. The observation tlaa wa<« 11,277 sac during 
the day and 17,527 sec during the night. At night the sun's position and 
the relative detector position are siaulated under the assuaptlon that th* 
ataospheric background neutron flux is synaatric in aziauth. Th* counting 
rite* for day and night are obtained by dividing the nual>er of event cones 
intersecting the source cone of half opening angle 15° by the observation 
tiae. The count rataa for vartical and cross events in four different 


17 



Table 1. Results ol' the Septeaber 26, 1971 flight froa Palestine, Texas. 
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Total 31-50 10-100 0.6733 + 0.0077 0.6743 + 0.0062 -1.0 




•nergy rangaa are glvan In Tabla 1. Tlia arrora tor day and night ara 
atatlatlcal and obtalnad by dividing tha aquara root of tha counts in 
aach enargy Intarval by tha nsaanranant tlaa. Tha day-night diffaranca 
la obtalnad by oubcractlng tha nlghttlna counting rata from tha daytlM 
counting rata. Mo statistically significant solar flux at a confldanca 
laval of 95X was obsarvod. 

On tha May 14, 1972 flight the high voltaga power supplies for the 
photowiltlpllar tube* vlewlnp the anticoincidence systaa ware partially 
disabled during the flight. Therefore, tha counting rates art higher 
than the earlier flight launched at the aaae geonagnatlc latitude. The 
charged part5cla leakage backgrounds are allainated whan tha nlghttlaa 
’ountlng rata la subtracted from tha daytliie counting rata. In Table 2, 
the diurnal counting rata shows no statistically significant solar neutron 
flux at a confldanca level of 95Z. 

The results fro* the Septeabar 19, 1972 flight are given In Tabla 3. 

No statistically significant solar neutron fluxes were observed at a 
confidence level of 95Z. 

Since no positive solar neutron fluxes from the quiet Sun were measured 
throughout the three aeparate experlaents, the upper Halts for the qa et 
tlae solsr neutron fluxes are quoted at a 95Z confidence level (2o) froa 
the following relation 



Tsble 2. Results of the Hsy lA, 1972 flight froa Pslestlie, Texes. 
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Tabic 3. Rcaul'^s of the Septeaber 19, 1972 flight from Cape Glradcau, Mlaaouri. 
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Tabic 4. Upper Llalta to Che Solar Neutron Flux froa the Quiet Sun. 
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2 

«#h«rc f la cha aolar nautron flux in unlta of nautrona/ca ■ > 'c 

a 

Rj la tha nuiri>ar of daytljan nautron counCa. 
la tha nuafcar of alghtclaa neutron counta. 
la tha daytlau obaarvatlon tine, 
la tha nlghctlaa obaarvatlon tlaa. 

S"tA la tha afflclancy of tha detector In unite of effactlva area. 

f la tha fraction of aolar nautrona Identified within alnlaua 

a 

anglaa of 

Tha upper llalta (2o) to tha aolar nautron flux for the three flighta 

and overall coablnad raaulta are ahown in Table 4. lha coabined reault of 

tha three experlaanta la given In the laat coluau. The upper Halt to the 

aolar neutron flux froa the quiet Sun froa the three balloon flighta In the 

•5 2 

energy Interval of 10 to 100 HeV la 1.0 x 10~ nautrooe/ca -aac-MeV. 

A Hat of atteapta alnce 1966 to aeaaura aolar neutron fluxea froa volar 
flares or tha quiet aun are given In Table 5. Although Daniel it al. (1967, 
1971) reported aaaaurlng neutrons froa a sub flare. In no caue is there ~on- 
vlncing evidence that solar neutrons have been seen. Calculations of Roelof 
(1966) aad Holt (1967) set upper llalta assu.. .ng that protons aeasured in 
interplanetary space all arise froa neutron decays. While these calcula- 
tions give low Halts Co tha solar neutaon fluxes they are dependent on 
particular aodela for proton diffusion In Interplanetary space. Such aodels 
decrease the estiaated upper Halts for the nautron fluxes significantly 
over Che fluxes for no diffusion. And they do not calculate nautron fluxes 
froa protons arising froa neutron decays on the East Hab of Che aun, e.g., 
as these protons often cannot reach the vicinity of the earth. 

TTte aaaauraaant’.s of the upper Halts for solr.r nevtrons froa the quiet 
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T«bU i. KM»ur«r«nt» cf Neutron* (roa Che Sun 

























■UL' mtm glvan in Flgur* 7. In th« anargf raglon of 20 t<- 60 M*V, wh«r« 
th« groat**: mab«r of n«ut*ons ar* axp^ctftd tram tli* aun, our upp«r Halt* 
ar* a factor uf 10 iowar than prarvioua valuaa. Turthar ■aaauraaants wlch 
longar obaarvation tl»*f. on ballr >na or aatallitaa will panlt th* datactlon 
and aaaburaaant of th* propartlaa of nfutrona froa aolar flaraa. Thaaa 
longar obaarvation tlaa* will alar aakc poaaibl* th* clataction of nautrona 
froa th* qulat auv or dacraaae th* upper llalta algnlflcantly. 
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FIGURE CAPTIONS 


Figure 1 
Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 
Figure 7 


Scheaetlc view of a double scattering neutron event. The 
Incident neutron direction la deteralned to a cone of half 
opening angle a. 

A schematic section through the detector aystea. The tvo 
liquid scintillator tanka SI and S2, the plastic antl- 
sclntlllatora All, A13, A12, A21, A23 and A22, the photo- 
multipliers and the light pipes ure ahoim. 

Examples of event cones and a source cone. Tne source cone 
la ahoirn with dotted lines. The vertical and ''he cross 
eveats are determined by the direction of th<> recoil neutron 
n^^. B la the angle between the Sun's direction and the 
source cone axis, a la the half opening angle between a 
direction on the event cone and the sun'e direction. 6 la 
the minimum angle between a direction on the event cone and 
the sun's direction. 

A curve of the distribution of minimum angles d for 40 MeV 
neutrons. 6 “ d-B where a la a half opening angle of an 
event cone and B la the angle between the event cone axis 
and the source direction. (See Figure 3.) 

A coordinate system fixed on the detector. The center of 
the cell In SI where the first scattering takes place la 
the origin 0 of the coordinate syatei.. 

The minimum angle 6 " 6g-a Is shown In the rotated coordinate 
system In which the cone axis correapr^nds to the Z axis. 

Upper Limits to quiet time solar neutron fluxes. The 
curves are Identified by (1) Haymes, 1964, (2) Bams and 
Aabrldge, 1966, (3) Daniel et al., 1967, 1'*71, (4) Hass and 
Kalfer, 1967, (5) Webber and Ormes, 1967, ;o) Forrest and 
Chupp, 1969, (7) Cot'telleaaa et al., 1971, (8) Heldbreder 
et al., 1970, (9) Kim, 1970, (10) Zych and Frye, 1968, (11) 
Byles et al., 1967-69, (12) Lockwood et al., 1969, (13) Lln;^- 
enfelt'cr and Flamm, 1964, (14) Present Work (10-100 MeV), and 
(15) Present Work (10-30, 30-50, 50-100 MeV). 
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